Abstract
INTRODUCTION
Bone infections due to fractures or implants are a serious medical problem. Treated treatments over time, antibiotic based treatments or alternative treatments have not resulted in spectacular results of complete osteomyelitis treatment (Ciampolini et al., 2000) . In experimental medicine, many experimental models have been created on different animal species to simulate the disease condition and to subsequently experience treatments. (Patel et al., 2009; Lovati et al., 2017) . Using a rabbit model, model described in previous papers (Coman et al., 2013; Surdu Bob et al., 2016) , we have experienced alternative treatment based on silver and copper particles. The effectiveness of the treatment was evaluated based on clinical, microbiological, radiological (Coman et al., 2015) and histological signs. This paper describes in detail the histological evaluation made. Histological analysis is an important tool for experimental evaluation of the condition of the disease and the efficacy of treatment (Gaudin et al., 2011) . The histological analysis and evaluation was performed according to schemes of specialized literature (Smeltzer et al., 1997) .
MATERIALS AND METHODS

Animals
Rabbits were provided by the rabbit farm of the Cantacuzino Institute. Young adult rabbits from New Zealand White strain, male and female were used. The initial weight was 2100-2500 grams each rabbit, and the age was over 6 months. The accommodation, feeding and care conditions were the standard according to the rules in force. 74 rabbits divided into 5 lots were used. The study was done at the Băneasa Animal facility, Cantacuzino Institute and was approved by Ethics Commission of Cantacuzino Institute and authorized by Veterinary Authority from Bucharest.
Staphyloccocus aureus strain
The ATCC 6538 strain of Staphylococcus aureus (SA) was used to induce infection. After sterilized broth cultivation, 3 passages were performed over 24 hours in nutrient agar tubes incubated at 37 ° C. From the third passage of the strain the concentration of 5 x 10 6 CFU / ml was determined. The concentration was chosen after studying the literature (An et al., 2006) .
Treatment
As an alternative to classical treatment, silver and copper particles of spherical shape of 400-500 microns diameter were used. The treatment tested was as such when spheres were put together, 4 coppers and 2 silvers in each bone defect. The treatment was applied to both acute and chronic forms of bone infection.
Surgical procedure
The model for induction of bone defect, osteomyelitis and disease induction is the one described previously (Coman et al., 2015; Surdu Bob et al., 2016) in short being in that way: all rabbits under total anesthesia (ketamine 35 mg/kg+xylazine 7 mg/kg, IM) were approached for left tibia inoculation, with the right remaining control. In dorsal decubitus, was choose the proximal third of the tibia, the medial-lateral face. The hair was removed by trimming, and the disinfection was done. In all groupes the technique of creating the bone defect was the same: the skin was incised with the medial-lateral front of the tibia on a distance of 3-4 cm. Perforated bone in 2 points at distances of 5-10 mm between them and 5 mm from the femoral-tibial-rotary joint to the medullary cavity. A 1.1 mm diameter drill was used. The experimental technique was different depending on the group: Group1 -Induced bone defect in the lateral tibia, then incision closure. Evaluation at 30, 60, 90 days. Group 2 -Bone defect induction, inoculation of the SA solution (0.2 ml / hole), introduction of cotton mesh ball (previously preserved in SA solution), closure of the incision. Evaluation at 30, 60, 90 days. Group 3 -Induction of bone defect, inoculation of SA solution (0.2 ml / hole), introduction of cotton mesh ball (previously preserved in SA solution), introduction of treatment (the particles were put on the cotton mesh), then closing the incision. The treatment consisted of introducing 6 particles/ bone defect, so 12/ animal. Evaluation at 30, 60, 90 days. Lot 4 -Similar with group 2. At the established time, the incision was reopened and treatment (at day 30 for the acute phase of the disease and starting with day 60 for the chronic phase of the disease) was applied. Lot 4.1. For the acute phase the treatment was applied to the day 30. The treatment consisted of introducing 6 particles/bone defect. Evaluation at 45 and 60 days. Lot 4.2. A physiological saline solution was applied to treatment particles. 0.2 ml of solution was inoculated and a mesh dipped in the physiological saline solution was applied. Evaluation at 45 and 60 days. Lot 4.3. -Chronic treatment started at day 60. Evaluation at 75 and 90 days. Lot 5 -Induction of a bone defect in the tibia rabbit, treatment particle application then closing of the incision. Evaluation at 30, 60, 90 days. In all groups, the suture was made with a skin adhesive over which an aluminium protective layer (Aluspray) was applied. All animals then received an anti-inflammatory and analgesic treatment for 3 days.
Histological assessment
At established times, rabbits were euthanized with anesthetic overdose. After euthanasia, the tibia was removed, the affected areas harvested, fixed and decalcified in a Bouin solution, then paraffined and stained with hematoxylin-eosin (HE). Histological examinations performed by HE was made on non-calcified bone sections, 5 μm in sections. Each examination was classified according to a score, a system suggested by Smeltzer (Smeltzer et al., 1997) and which includes 4 categories of investigation -acute and chronic intraosseous inflammation, periosteal inflammation and bone necrosis. In addition, the periosteal reaction, the cortex, the medullary canal, and other lesions were also observed. To this was added the degree of severity and lesion type: Grade 1 Medullary osteomyelitis Grade 2 Superficial osteomyelitis Grade 3 Localized osteomyelitis Grade 4 Diffuse osteomyelitis
RESULTS AND DISCUSSIONS
Acute and chronic intraosseous inflammation, periosteal inflammation and bone necrosis, other lesions as well as the degree of osteomyelitis were expressed as a percentage of the number of cases/number of animals examined. In assessing the periosteal response, cortex and medullary injury, an average of the scores was made. The score scale was 1 to 5, 5 being the worst. Notes were given according to a scale ( Table 1) . Lot 1 and 5 did not show histopathological lesions. At the other lots, the results are presented in tables 2-6. The analysis of the tables shows that all animals, regardless of batch and analysis time, exhibited chronic intraosseous inflammation. This inflammation has been associated most often with periosteal reactions, impaired cortex and impaired bone marrow. With regard to osteomyelitis lesions, regardless of the groups analysed, those in which the disease was induced, induced + treated or treated regardless of the form of the treatment and the moment, the predominant degree is localized and medullary osteomyelitis, coexisting in over 75% of the analyses (medullary osteomyelitis in the epiphyseal and superficial in the epiphyseal area). There are 50% cases of diffuse osteomyelitis in solution treatment acute group, and in one analysis it does not consider the existence of any form of osteomyelitis. From the lesions described in the reports, the lesion severity is higher for the induced group than for the treated ones. The results from the histological examination reveal that the acute lesions were installed earlier than we estimated (day 30). The type of osteomyelitis was the severity of grade 1 and 3 (medullary and localized) most prevalent, and the injuries from the treated animals were less severe than the untreated group. In the category of other lesions was observed repairing processes, Havers canal lesions, cellular processes, etc.
In the positive control group in which osteomyelitis was induced without any treatment, there were clear osteomyelitis lesions characterized by damage to bone tissue: purulent periostitis, with enhanced polymorphonuclear cellular response; necrosis, zonal dilatations of the Haversian system with the presence of a cellularity rich in neutrophilic polymorphonuclear, endostea: calcification microcenters, the bone marrow: increased cellular reactivity, rich in polymorphonuclear. Neutrophils and lymphocytes were also observed, with local hemorrhages, cell detritus and bacterial colonies. The lesions have been observed since day 30 becoming more prominent in day 90 (Figures 1 and 2) . In group 3 where the treatment was introduced with the bacteria, although the osteomyelitis was found in the animals, it was easier than in the second group to find repair signs (Figure 3 ). In the treated groups, although there was no cure, all the animals having osteomyelitis lesions, the lesions were more attenuated than the positive control group, finding multiple repair processes, regardless of the treatment time (day 30 or day 60) and its type (particles or solution) (Figures 4, 5, 6 and 7). Corroborating the results of all analyses, it can say that osteomyelitis has been installed in all inoculated animals. It is known that silver and copper have an antibacterial action (Warnes et al., 2016) , but there are no applications in the literature in the form of particles. To conclude on the efficacy of treatment for the rest of the bone areas (cortex, periostea), it is necessary increasing observation time.
Of all the assessments made in these experiments to induce osteomyelitis and application of copper and silver particles, histological evaluation was the most accurate, highlighting the lesions that were installed and their attenuation in the case of treated groups.
CONCLUSIONS
Because osteomyelitis is yet a frequent source of illness, there are still searches for a treatment, but any treatment must be verified on an experimental model. The experimental model imagined in this project used histological evaluation as the most accurate analysis method. The histological evaluation allowed detailed observations of analyses, observations that were used in the following studies.
